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and vertical sections. . The numbering system used is simil~r to the s·ystem 
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·. strain gageo 
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. A Baldwin extensometer ·with a 12 inch gage length was placed at . ' ''j. =··: .-_ 
-- -_-~: - "; · .. 
. . 
. . . t . -----·-·-······-····-midh et ght on the longitudinal axis of the eye15aro Tnf·s· permitt~d. a con-
-- , ...•.. :," .. -· ·--
·_ tinuous record -of average strain to· be plotted · during the -test a · . This -- •----
. ·_record was: terminated at a. lo_~d of 1775 kii>s- to· prevent destruction of 
----~--
- -- . - ~ 
· . the .extensometer due to failure of the spe~imen. 
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.. 2.3 Test .Preparation _--
·nie ·loading fiJCtures :for·:·the ·test: ~re shown· in Fig. 6 •. · - The eyebar 
·. 
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--·- ----··- .-·· . -, .. 
;w~s gripped in the five million -pound cap.acity. universal testing machine. -. . . 
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. from the extensometer position· ~t midheighto These.- scribe lines were • I 
.. . posi·t;ioned over a length of 18 feet . on. the sl1ank .. of. the bar 0 '.- -The cross-
section dimensions were also measured at ea.ch scribe line. _ Elongation · .... 
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Surfaces where. linear and ro$ette strain gages had been placed were 
·' 
_. "Cll 
.. · ... ·. ,ground to make sur.e that proper measuremen:t of strain over ·a uniform surface 
· - ·. · :-was attainedo. · After instrumenta.tion: was. ·completedJ_:the e.yebar ·was white-:··:· 
··--=·washed· to observe·· surface· slip lines which are visib°Ie· in the ma~erial · 
·, ·: · .. a:t-· points of yield'ii;ig. . The progress. of. yi~ld _ lines . was· noted during-~=--_,_ -- '" ....... s.:.-.· .. --:-'··.: ' 
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··through. the pin holes. , These partial rea.cli'Q.gs were -taken for the ·cr.itica·1· .. 
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was taken at 1650. kips. where -y_ielding in the. shank had· taken· p~_ace. '. · __ -__ -_ -. 
··Loading- was -conti:nued until ·si~ifi.ca~t yielding thr~ughout the entire bar --
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was· _removed and· the eyebar was tested to failure. 
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· _ · _ .:~->. . 3.1 __ Analytical Studies 
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The pro_blem' of determining ·the -st-ress di·strib.ution in eye~shape·d 
bars lo~Q-~Q___l:ly___a._pi_n: ____ ftl.l_~ng the hole has _ been attempted by many .different -
· ·~nalytical methods. There are only a few aftempts to _completely model 
. 
. 
. 
. 
. 
. 
---~-----,~,the entire dis~ribution of stress, but many have ·attempf:~d to. calcul.ate · 
_., . , 
stresses·at critical sections onthe .head.of the ·bar. 
'-----·-:-·' 
- -
· · -_ To· date investigations have been .primarily ·concerned. w~th the· · 
-
- study _.Qf stress distribution in the elastic range. Mathemat~cal stress· - · 
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___ . _, ._M,·--M••~---·-·-••-•• · ...... ·-~-. ~--------:-··..----,---------.:----·' 
--. • 
~___,. 
-·--------.-. ~--.>"~~---~~anal:ys-e~s-··-·reqtii~~~-:=an··-:a-s-su~ed cii;t:rib~t-i~~ of bearing pressure betlrle_en pin -. ·---·- . ·~ 
. 
' 
' .. ·., ' 
... , __ - - ·. , .. 
--nd ·pin.hole as a startit1g poi11t._· .. Bt.1t the actual· bearing stress·d·istri-
- _but.ion i~ a function of the pin c_learance and ·varies somewhat during the:·_: 
· :load application ... Prescribing the bearing' stress distribution has been :the · -· . ;' __ .....:. .. -· 
. 
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. 
. 
problem in-:an~lytical · solutions along~with · the geometrical relations.··- . · < < :~ 
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·ne·cessa:ry _in the tapered port-ions·o~f-tne·hea<l • 
. the bibliography on the s~udy of stresses''in -plates around -pin 
.--~ 
- --------··~-r--~---.-~·-·---_--
. _-:·-:· · ..· --., __ ,: __ · .. holes'._ts extensive~ -but on_-ly those~dev~-lopments which corttri.buted to -the . . . . . . . --- - •· ·, , ·;--.·-.·:.-·. ~ ;·-:__: .. -, .. -. 
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. -·:--.-- .. -.-- ·_study of,~eye~ar's· will be ment~o~ed. Most of t!te ·i1111>ortant1 ·ea:r_ly:-work .... ~ ..... , ... -.. ---,-~------------ --- -~------_!,--- .. ' -•-, -- - .· -' -· 
... ___ , ____ --- . . . +;-:·----------·-·-·· .. . . - .. . 
. . . . .. - ·_--,,.,,;---·--.---2·: . _· . . - . . ... ·.. . . . . .. ······-----· ... ··•' ...... star.ted in the beginning o_f the· twentieth ce11:;~:ry! Blumenfeld modeled· . - ... -
· hi·s solution by. calculating the stresses in a statically · indeterminate . 
. • 
curved ring_ by assum!ng rigid supports . at the en~ls, extending- 45 degrees : · 
below the· horizontal axis· from the pin center. ·lhe load was uniformly -
-~ i .• -
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. . 3 distributed over· the 'inner surface at the· top·. half of the ring. . Beke 
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. ...... ----·--·-···- .. ··: ·:--------- ---_-0~-- · -- - · · ·_ investigated stresses in an eye bar head by-- assuming it to be a ring loaded -
--. 
. _ . ..,. ... , 
-·---------------·~-
on one end with uniform stress on the bar with the other end loaded by 
.. : __ \learing pressure transmitted from· the pin. The· hearing p.ressure distri-
buti.on"· was assumed proportional to the cosine of the angle me.asured from · 
. the vertical since it I is non~uniform (lu.e_: ___ to ___ ·th_e ___ deform~tton ~f · the ring 
· under. load o The ring was cut along the center ·line_ of the· bar at the end------. --· --~":--~--:-,·; :-_· 
. ' nearest the body of_ the bar. Equ·ilibrium and· compa·tibility rel,atiOI?-S 
. 
. 
. . ' .......  . 
·_ were used to find; the· inte.rnal forces_ at the imaginary slo~ to -_restore.·. --- -.-- ; -----------· :. -·-·· ·-- ---- .- .. -· .. ,., .. '..: . 
. the .cut portion to its initial position. -.General express-ions~-were . , .... _ 
-devel~ped to relate the . internal -forces to stresses. along any axis of 
' 
·the head. · 
.. I. , ' 
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-,--· - ____ ..,., 
._... __ ·._ .. ·- . · _ ;Figure. 7 shows stress concentration factors plotted fo~ __ v~_rious . · .. _ .
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------·--- :rat-i~s of side material to reduced bar width for the eyeba.:r head determined 
. . . . . . -
. . 
_from.Beke's.analytical solution._--- .. Beke's s __ tudies show .that··as the side to -~ ·--------- -----------
. · ·b_ar __ iµa.ter .. ial ratio is incr~ase~, _ t_he stres-ses in. the head decr·ease very 
·. rapidly at· fir-s-t,. but later on more slowly. _ For a. pin equal. to. two·- · .
. ·. -third-s---·of-th-e:__bar width the maximum tension· in .. t:he head 'is increased to 
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__ -pin.hole .• Increasing the pin diame_ter equ_al · to the bar widt_h for side --
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ring .~haped bar,under various boundary conditions hci.ve been attempted. 
Reissner4 was the first to formulate a rigorous. solution of an eye-shaped 
bar without an infinite width aJ:td used a cosine function for obtaining_ the 
.. · . . . ' . 
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. i.. . .... .. . .. circumferential stres·s. on the inner boundary on. half of -the ring. 
1- --~:·~ -- -:--:-_-~:-- - partia.i-dirf ~t~riti~i:ion b; iii;;~; 6i'. ~·- ----~~j_~~~lll~tri-~ ~~~ies i~ :01 ve 
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He·used 
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·- . ., - ·----·- ---.-.- ·~ 
for· -· · 
_ -displacements with a ·system-.of· differential -.equationso. compatibility 
. 
. -conditions were used to relate these calculated disp_lacements · to the· 
-------··--·- ... -,_,,-···-· -------··-·----·----· -- ....,.. -· ·-· ·--
.. stress ~~~t~~bution in the eyebar. 
0
Reissner and Strauch5 collaborated· •. · 
to-make refinements in the. above method~· They also assumed a· cos·ine 
. . . 
-- ----~:---,--~--~----~-~.~4-~·- .. ;-;- - -
· ···. · · function. for obtaining the circumferential stress·· and an· external r~a~tio_n .•. c.~. -'---····--·-' 
·-. . . . 
. 
-
. 
. ·. Tl1ey incl1ided an addition.al shear st-ress as ,,an external. reaction catised 
~:by friction. . The external reactions do not ·.·have resultants' so their . . .·· . -
·_ .···proper choice minimizes the deformation. of the inner circle from the 
··.··. original: cir~ular shape. The only unsatisfactory consequence: is that 
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the nominal stre.ss -in. the bar shank. -· Pr-incipal -stresses for two sections· · 
are also· given in which -tensile stresses correspond to positive values •. 
1/ 
. ;_I 
li 
() I 
-I 
...... : ~= .. __ _ These sections are at theback; e>(t!iE!_.pj.n ~nd..:. at.the se_ctlon. of maximum-.:.-~~ __ ,·_·-__ ,_,_ .. ___ , ___ ,, ______________ " "I 
I I 
. 
. 
. .. --·---------------· 
··., . 
-- - --·- - ----· ----- ---
stress concentration. 
' 
·._ -·-···".,~---···· -.-···--:····-;-··-- --
. I 
The _results ·of this modei study _giv-e .a maximum stre.ss equal_ to 
· · · 2.88 times the nominal bar stress. · · The maximtnn ·stress is located at the .·· 
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. 1 Coker also ·studied the st-res·s c;listribution irt,·-·eyebars with 
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·· · _ 13b gives the stress concentra-tion _factors _by div_iding the maximum pr-in~-, -_ 
.(~,. ·Cipal stress at-- the horizontal ·section .through t~e pin hole by the 
no~inal stres.s in the bar~ · Both of eyeb.ars have the ·same ne~ section ,.'l 
· .· through· the pi.n but the stress 'concentration factors · for the concentric · · 
and elongated ·eyebar heads· have values of 2~77:~and 2 .• 25 respe~tively. 
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· - ·Conventional-engineering ·str'1,ctures can ·be visualized :as an · 
·.- .... _ . 
. . . 
assemblage of structural · elements interconnected at .a-·d-ts~cret_~--_tiumoer __ ~_:_-~-- _ .. ·-_ 
_: of nodal points. · If the force displacement relationships for the --indi-
"· vidual elements are known, then using ordinary rnatrix. techniques of 
i--·- .· .... 
structural · analysis we can deriv.e the properties and study the b~havior · 
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,," '····-·· -··--·--·- ---·-·-- -·· ·_,In.the finite element method the elastic. continuum is. as-sµmed ' . . 
' . 
. '-to be divided· into· a· ffni·te number of elements interconnected only at -
._ the nodal po1.1~1t-s at which. some forces. representative .of the :distributed 
# 
· · .. :stresses ·actually acting on' the element boundaries can .be· introduced. · . - ··-.-· .. -. .. ____ ; -~. ·-
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•' ' . 
--")_· .......•... ·. ; .. 
{· 
type capable of numerjcal_ t~eatment" for. large numbers o.f ·elements. 
. ,. . ··- ...... --:• -.. ,.,·~ -,···: ··--- ··.- ·.--~., . .... . 
.. 
-----~---
'----~- -- -----
••••••· -· .. •-· q,• •• ·.: •• ·- _ ... •·••· .- -· ··'·-
-· -
_ :~e · bas-ic ··approach to -the stress ·· and de fornia t ion analys-i-s .. -of---two---~-~.~ -·-·--~: 
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- -------·- ---~ -- ---dimei1si1>nal elasticity problems ···by Finite Element Tec·hniques ·. ha;e beconie :-: 
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extr-emel_y valuable todayo _· This approach. discretizises. ·the .planar con-· 
·_ tinuum ·by -using as compo~ents,. nFinite Elements" o The ... choice of element · 
. was a nconstant Stress Triangle" (CST) type of finite element. -··The. 
·. .. · · V 14 '. program developed was based on Wilson s study on the finite element 
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-analysis of a planar continuum, and was modified. ·and prog_r-~ed, for gener:a1 
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analysis ts given in th~- user's manual·' to this programo 
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- ·The eyebar was divided into 529 elements with 308 nodal po~nts -·~-,.:,. .... _,., 
in the sys_temo- Figure .14 shows the -subdivis·ion and· orientation of the. __ -_ 
elements· used in the analysis. The assumed· boundB:ry conditions ·pei;mitte4 
·. translation -only in directions· compatible with the actual deformation -,of---~-"---------
: the eyepar. _-_ Because of- tpe symmetry of load -and geometry of the -eyehar 
. 
. 
. 
. . . 
. 
.. 
- - --_ head, this configuration was most appropriate for comparing solutions . . ., 
. . . .. 
. . 
. 
. 
, 
with the' actual test. data. the geometry of the head in this model .. is 
.· .. 
__ exactly the ·same as that of the test eyebar. 
-: t -:· ---. Since the relative size of· f·inite ·elements intersecting conunon 
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-ensur~. a smooth t.ransition ·of elements·;· - Elements tin the interior. boundary 
. 
- . near the _pin hoie were exactly the same ·size. ___ . _As_;-:.e_l_emen_t.s __ progressed -
-· further from the -p.in center, · each was- increased ·approximately· ·-10 per-cent ____ _ 
-~ ·/ 
·-·~ .. -~---~ 
·until the elements on the exterior boundary were more than_ c;louble ·fhe 
• #-
.. -
--- size of the interior elements. , Figure 15-shows: the dimensions ··of toe··: 
---.-----------·--- ,. . - - .,. 
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-· -···----·--.:·-· .. '-· ·--· : ' .. ~.:. .· .... gave the best results con-si-s-~~n-t~~i-t-h-t-he--or-i-ginal test data._ 
-- -
~--·,, --:.·c•,.•:..·., ,_. ···-··'- ··-·· --,-- µ ."·"~ • .--- ,.- ~ •.• 
- -.-, 
.... ,',r•: .~ -~ ,_, ____ ...:...;,._.;._,•-----:-t"c,.._,.,,.h·~ . ..: •.• -.:.c...... ... ,_ .. _" 
. -~--=-
·. -,'J':is--
. - --- __ _.., -~ - --- - - . --· . -
. 
· .. - . . . . 
.. . .. . -:-_·_·-:·-__ . . . . . .· ._,_ . . 
__ ---- --- _ ·- ,- ___ .-- _- -- -_-- · __ : - ·------·--- ihe load:Lng condit!!)ns ·which~"-were investigated--ccare.--shown ·in ___ ; · · _ 
·- ·-. -. -·----------~-··--------··-··--··· - - - - -
--
- - . -- - -
. ··--.---·- . 
-·- . -· ---
---• ,·Fig.-_1·6.·. These conditions are:· - . __ _. ··-- ,-···~-- .. ' 
...... .' .. --- ··-
·--·-- -- .. ----
- ' 
' -
- - ··- ,.. . -,,-•. ::--· - ··: 
• - _<O>' 
.. .:- . -·--·- --
1. . A_ bea1:ing · pressure· dist_ribution proportional to: . 
. . . 
. ' . 
. 
- the cosine of the angle measured from the ver~ical 
·h,· . to ·horiz·ontal· sections on tlie .top boundary of t-h~ 
- .. ·1 
_ · pin hole. 
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· __ 2. · A uniform bearing on a fin-ite w~dth along the top 
- boundary-~£ the pin-_hole~ 
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The· best results compat-ible -_ t9-... t~$t. d.ata _ we!E! -~chieved with_ the- · 
.) 
non.;.uniform co'si~e bearing pressure· which has verified -the· 1oad -assumptions· _ 
given by other inve~tigators~J,Z.-,.5~G ~e'cQrrespC>nd~ng stresses at the . 
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·-·---··--·------·----·-··---- '. 
. 
. 
. . 
. - . 
. 
. 
--. ···-···:""_-~ -. - '-·/ .. 
- ·--:-_--~ 
. . 
- .: . -- --- .... -·-. ·-·. ···-~-
. ·).· .-· .·-
--- -critical ·horizontal section ·for these three· lpads- produced_· similar -
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1l~s although_ the- latt~r ·two loads were -approximately 5 percent 'higher 
J 
at. the critical sec·tionCJ whereas· a. much larger error exists· at: sections · 
i ;. dist·ant from here •. The compa.rison of results obtained by this-·method''·:. --- . ' . . 
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. Probably the ,mo.st imp·ortant· and extensive· experimental _work>~n' 
. . . 
> the subject . of pin connected plate links ~as presented Jiy Johnston 16 wh,o 
_.. , .. : ·'..----"' . :... 
:1·:·.~ -~ -
:_ .. } .. , .... ~ ', 
- tested -106 4tffer.ently ·proportioned. steel plates loaded in t~~nsiori by- a-_-----, .---~c-··· :·-··-:-·------ · 
.. 
···-~-~-.------~.---- ----------~-----: -· . : .-. __ -. _ · stee.l pin; ~Although the plates tested differ from -s.tandard-·eyebars; . · ... -. . ; • .· I-. . • • ._ . .. ' . 
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- -- '.-~~---~ _-.:.~----i-~---.--·-: __ · ~ the·fr '-~c·t-~ori-- 'afc,µnd --~be 'p_f~--°j_\qfe _ dur-ing the -progree;_E; _ Of ___ failur_e ____ is ~Simi.lar----'----~---;- 0
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' ' - - . -to that in -the head··of the eyebar. · This is verified by results of: · 
- -_ - -_ 11 . · · - - - -: - - · - - _- - - •- ~--~---- - -
- .; ·-similar. tests· performed by Templin. · ·.The effect_~ of-plate ~hickness ,_ 
______ _ _ .side -and edge material di~tances., · ~nd pi_n clear~nce were -studied in·· :--~---··· ----,--·----·--- --' . -.. ; ._ -~ ... · .. ,- .. . .. . . : 
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:~~:~at i ori · both to gene-r_.al: >yield-wliere surface evidence of . local -failure··,__ _ _ 
~--·. ·-····---·,---····. ···,-- .. '· --·----·- ..... 
. . . 
·•--"• .. -·- '• -
-._-below. ·tne:·piri is- evident ·and ultimatEf·-strength 'of- th:e-plate links. 
·-
.. . ' 
.' . ·• ~ .. -Local yielding in a 7plate at· the coi;itact .point _and at -the -side __ -. ' 
, I 
. _- of . the p·in hole\, except in the case. of -press _fitfirig "pins' . will o·c-cur 
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. . $Urre>u.nd.ing lower stressed areaso Initial yielding ·in f:he early stages _,.: .. ':J.' ·:. :.,._./_ .; __ : . <J ' 
' 
· ·. at the side of the pin hole has · no appreciable ef feet on the elastic· 
,'··:,· . 
· behavior of the ·member as a ·whole.· This· local yielding precedes the• 
. . . 
. . -general: yieiding below_ the pin ·hole and· ha-s no effect on the ultimate - -· 
strength undl~r static· load. The general or overall yielding.at the erid -
• --•·•;--·•••• •••·•·•• • T ~ ,• .,,,. • 
· .of the plate oc·curs at a m~Gh late·r __ $tage than inttial: .local --yielding. - •.. · ·- --·-· ···- -·· - •.. , -.---·--- - ···.- 7"! .• 
Therefore, - the use ·of· a ductile_ structural steel i:s very advantageous. 
-· 
The_ types · of failure which may. occur in· the-, heads. o.f the members 
--· 
.• 
I 
··-----··-··· - ·-·"•····· -----------·····---•··--· -·-·· -
- ·at u·ltimate conditions depends on the relative proportions of the head and 
· pin hole.· Three general cla·ssifications can be made:-
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.. :... . ·--·· ... ·:·- ·-· 
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. . . . _ ·.· , . - - 1~ · A shearing failure __ behind ___ the -R-1-~ .. -al_o_ng ___ p.l.ane_s-:-_parallel,_--. ' ' • • a • ' - -• - - ---.---·--n~----••-..- • 
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· i -'to· :·the axis of. the. bar after considerable d_e-formation caused by 
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. 2.,- - A tensile .failure, or-~xee-is--ive ineiast·tc-d-eformation. 
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. 
··.due to stress concent..;~tion, across the: miniTittun net section 
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.··.·at the side ··of the pin ·c~~-~~-4::_PY _in~y_ffi_c_ient ___ ne.t.se_c_tion.,~-----~---;--.~~·' 
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· to lateral instabi·lity that. is c.ause<i by an excessive· length · 
. ·.·_:_ . . -.. --.~·------ -___ -_ '. 
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""--· --·· .-.to_ thickness- -ratio- of- the··material· behind ·tlre· pirij_- ,.-!--:·->·'--~ 
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Johnston made· a, ·spec'ial serie-s·--,,-f--~-tests ip. ~wllich th~ . ~i~~l."~:9c:e_ between p-in 
-·--· -------·- -·--· -·------ . _______ .. __ - · ... :. ___ :______ . 
- - --~ - ---- ------- ---
------- -------- - ~- ------ - - -
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. . and .pin .h-ole ~as the , ~iily v.ariab_le. _· Load 'Versus -de,fo:rm~tion curves show 
. ---· -- ----- .. --- -·------ .. . -- ----·. ~-' .... --··-· .,.. ... · : . --
. -·. ·- . -~ 
· ... · .. ~~.~t pins wj.th clearances reach initial and general yielding at much lower . 
. 
. 
. 
stressesj whe!eas ultimate strength is not greatly a.ffected by small · 
• 
clearances. 
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· In_ Johnston'' s. paper,· empirj.cal formulas-· have· been-- presented for._ 
... 
. . . 
· predicting·· the average bearing str~ss at the general· yi'eld and u_ltimate-· 
·---------·-
I . 
. , 
.. --·strength when· failure.· was~in .th~ heado . The ·averag~ bearing stress at . '• :,._, :·· ~. 
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the-general yield.point is·notappreciably"~nfluenced-by-plate thickne_ss 
. to ·pi~ hole diameter ratios greater. than Oo05~ ·n!Jr by ratios- of edge. 
. ' d·istance· at.·side of pin hole to· pin· hol~ diameter greate.r than 0.5. 
. 
. 
Otherwise,. general yield will be entirely in th~ net section· of the bar. 
The general· yield point of ~he plate is ·induce4 principally by_ .a yielding - · · . 
. of the materi,al behind the: -pin. - This yielding is preceded by. a crushing 
·._ failure. below the pin which progresses• until. all·.· tJ1e metal behind it. 
. . . ,~· 
' 
. . - . 
"'"'"' l 
s:tarts to give way in a plastic state. In very thin plates the general--~ 
. 
. . 
yield is followed qu-ickly by dishing. and ult:imate failure, whereas in . 
· thicker plates there is a -large plastic reserve ·before ultimate failure : · 
occurs.--
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. · . _- For eyebars proportioned under current sp~c1:f~c_.:1~1ons 
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, ____ ' __________ · ___ results show that material in the net section does not fail until the 
-
jJ .. 
___.-/=..:.: . 
- ____ " ___ -
I •. · .average stress .in ·that section reaches· the tensile·_ s_trength of the material~·: 
The· stre.ss -actually developed. at failure· was slightly hj.gher than· the 
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tensile strength becaus·e the lower. stressed material above and bel6w· the . · :·. · · ·-· .• -... -_ 
_ , __ . ____ . __________ _. ······-----.-,· __ .. -------- ____ . ________ __:, _________ :····------·------- . --------------·-···-·--·-----·----·- --------·--------·-·-·-·-· __ _: ____ ·--·----------- - .. --·- -· - ·--· ------ -- ··--····--·-····- -- -·· .. - - . ---------·---------------::~=:·.·::::_-:-·-··-----------.. . -
.1· . 
. ' .- . 
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restrain:t against this instability. In general, the tests indicate that 
the most efficien-tly designed • pin loaded plates are those narrow in width, 
thi.ck enough to prevent dishing and h~~itjg suf ft~i~'Il~t material below the 
pin hole. 
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-1.be effect -0£ clearance between -the -pin -and hole on the maximum 
-· stresses °Qas also· been observed on previous -:tests; -T111:se irtvestiga·c:rons · 
·. show. that ... bo-th parameters are -increased by ~he presence of· clearance -
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fitting pin in a circular hole;·_---_- These stress con~.eritration factors' given 
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' ///. 
'• ' 
... ;;, •. : .. :moduli of -pin and-_ sheet, -_~er resid~al stresses in any forced~ fit. ' .-- • • . -· •- , , ' . 
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--- .··. 1.he simila5).~ between the eases discuss~Q and the eyebar head . ' •. ...: / . . . 
· i · - - -- . - Can· S.ls? b~ showz<in the manner in which plastic flow starts around .a 
I 
' 
/•, 
\· 
./ 
. 
, holeo - - Acc9rding_to this -it -can -·be.--expected-=tl)at in --,an elasti-c mate~ial .. - · p 
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---
--·-;;: - . 
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with ~a;,,well-defined )iield-st:re-ss"that ftrst yieldi.n:g must start a-t the .. - ,/' . ' .' 
i,w( points situated on the boundary ()f the hole on an ·axis perpendicular . / . ', : . ,· . . ;;/' . . 
- - __ - --- :///' . to the dire~~-~-?~---~~----~)!~ ___ t_~p.~1_911.~---~-- ThiS-•-OCCU-r-s:- for- a pla:t·e· Ufider··unl-forni·· 
- :: -/-;/-· tension with a central circular hole at o:ne--thtrd of. the ·yield stress 
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Figure 35 shol-is the spreading of __ the. 
--·- ---- ------ --:-: ·- - - >-------::- --------~ -- --- --· ( . 
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.. 
. in a ·tens ion · member~ Local yielding at the edge J:>_f _the hole -is- very-
. . 
. 
hard -to-observe because at first. it is practically restricted to two 
small areaso As the· -tensile stress gradually increase·s, yielding spreads 
- and tends to progress along two comparatively narrow strips symmetr:ically · 
I 11y ---=a ... --:::,7 ·v--·-- 1----~-~- --- -' ,-·· --~~~ -¥· -~.-~_-;.:-~----·--··"~- ----,-'----.·~:= ,_, __ ...,__...,..... --~.,.,_~~-~ =~ ....... -- --------- ·-.. . 
---.~ ...... __ 
'l "· . 
... ~,-,, .. , ,' . ' . ' ' '•' '' . 
\ ; . 
r--··,·:--r--:----· . 
. · ... 43. 
· .. ·. · , . ·.·. · : -·· · .. · ---~~-!:t~~~~4 __ :wi .. th _r.e_sp_e.ct __ t_o .. ~the .. -axis,-of--~-ten~-ion---and-.-~at:-c:an~a-ng-le,e-o:f--abour45~--- · - --·--------. --. -·---.' '' . . ' 
. . 
----···-----··· -
---·---- ---·--··--··· , ____ , ____ ······-~:- ---- ·-·---·--·.-----·------ .---
- --- --- --- - - -- ....,_ -' -- -- - ----··-·--·-----;·-·---I-···•"'·-·-----·--·--·-•-----· ..-----•----·-·--···-··· 
-- -- - - --- - -
--- - ···-·-·· --~----·- -------·--·---·--····-· 
.. -. -··-·-• ..-------------~ ~......!~-. ' . •• -
---·-···--
, . 
· degrees w~tn the. direction of tensiono This shape is- the exact same as ... 
shown in the eyebar head. after failure irf Fig;-·:276-~-,-----·.· ...... -_ ........ . 
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· 6. 2 Pin Clearance 
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• Th·e high value· of· the· stress. concentration factor due ,to ·the· ·. I 
C 
.-··;action of .the pin can be· seen from. previous·_ tests. and theory presented • 
. . The stress concentration factor varies. between wide limits and .. depends ·· 
I:. , -l-- ·----
···-·1 . ..f • ,,., . ····- • 
· ·. chie·fly .on the. amount -of clearance between the. pin and the hole and·· · 
h d . . f h N . b h . . . . 8' 11 t. e _urat1on o · t e test. . umerous. tests y ot er investigators 
.. 
· . show that the effect of clearance is to. weaken the member . p~rmitting 
. C, 
· the development of higher tensile stresses. 
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The · weakening effect of -clearance- C'can be_ explained on tlte theory 
-- - - -- - --- ··------·····-----···-·"·- ··--·······-
. 
. that it permits local changes -~n the curvature at the .points· on the 
:·cireular-boundary lying. on a ·tine. normal~ to' ·the direction of the l_oads, .1---~ - -~-------
. thereby ~setting up 'tensile· 'stresses. 
·• 
to· say ~ha~t.,clearance· permits· local bending ••. ·• A circular· h-o-ie··becomes.· .. · 
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• in chax:iges, of curvature which are ·accom~anie_d by. ten,sile stres~-~~ on a_·~ 
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·horizontal diameter. · . . ' ' . 
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. that is,_ ;Use a perfect fit pin.· Experimental evidence shows that·. a 
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little clearance i's more detripieiltal than a moderate press fit. 
. ~--· 
(' - . 
. _.. ~ 
. . ' 
....... - ------
. < 
. - -·n -,-n 
"---.---~U L.J- ~- L .. / 
U 
- I 
=:== - -- -- -"-··)ct,..i0 --;...- - ~ ,.___ 
-
-s- -c=:.1~- -- - ~ - Gi7G?--n--··- ---- -. __., ~ L____.J '' 
;.._,, 
. ,·J.... 
-44 
. ----.---·- ._· ___ -~~-_; '. - .. -... '·_ -
_::...,._.-:-. ~-------
.. 
·---··· ~·-r···· _ _:_ _____ --;·--··-··-'··--· , -, - ~- ·---:·;-··-r:··~ ·-·-·•,-" 
·u, • ' 
.... _r . -
·Fa.tigu.e f'ailures in structural components· usually occur at 
., 
regions of high local.str~ss called stress concentrationso There are , 
·many p9t_ential sources of_ stress· concentration in a membero Some may be·· 
in the material i-tself, as metallur.gical. defects. Vari-at ions: in the .·. . .. ····-.--- -. _.,' . ---
· local stress may also. occ;ur at; ar_eas wher~ · previous . $0tressing or. cold 
· .. , . · . work has· produced residual stresses. 
.. An important ·contributor ·of stress con·centration is associated· · 
I ' • 
. with .the design ·configurc1tion and is considered a geometric stress con-
" :·.·:·, ., 
·•· centration. Since it is impossible to dlscuss here all the detailed 
·.- · .. ' . . 
. . 
' 
. 
' '· caus·es of stress concen:trations, only those .causes which originate w.ith 
... ·-
. 
. 
.. ~ .. thegeotnetric stress concentration have ·been-considered. --·-··-·--- ~-,.c.c-· _. -··--· -. . ~ .. , ..... . ' 
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_· Fatigue ·is influenced by· plastic beha~lor,. -~ven -though :.t·his may. . . . 
-
. 
. . 
. • 
. 
be ·1ocalized so· that most of the member remains ·elastic;·· - Ther.efore,: ... ·· . 
. - -----~---· --~---~·----,--- .. 
· · .. elastic stress --concentration factors cann.o·t be. expected·· to provide. all 
I! . information pertinent to. fatigue behavior. . .But they. are. important in · '· ' . 
- •· . 
. judging, the rel~tive seventy of various ·confi.gttrations.·• The local 
.. ~--··-· ·-·--···----· ------- ·----·· 
·c ·-- ····• ... -------··· •. -·-.. • • -· ..... -pla~·tic regions are very i~portant in this b~havior., because of. the higher 
·strai'n and lower stre·ss:.~.:~~!'_:_~~~ ·edge of the hole than elastic tg.eory. __ r ... 
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>, '\. -~., • ·· .. _-_: • -~,.·.Fatigu.e is usually ·not ·very significant for. standard bridge· 
. 
' 
. ·. ·'. .. ··: 
i . '•"'--~-:---eyebars where· the va~iat·iou-·-fn the·"-Iive load- s·tress·es are small compa:t;ed 
• 
. to the dead load stresso To date there has been -no major f~tigue studie·s 
in conjunction with eyebars, but compar~sons can be made wit:h the· fatigue.· · 
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'strength ·of lugs0. L~~~-,---,~!~~-P._~~ _!cQ.?_c:1~~._p_l_~tes __ of ____ cons.tan_t:--Width-cr· ----Ule-y-----· .---. r-~-:~ _ -_--- . .- ·-, l ------ - ~ - -- - - --~-- - -- _.......... - --· -
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-- :-··-------,--·--~----~·-_·-·are ___ gen.-erally thicker· than .. eyebars. of similar propo~tions~ --SO that 
. . . 
• ~.v .-, conservative results for eyebar.design can be obta.inedo This _has been 
-
_· -·21 
·shown in. Heywo~d ~ s . te·st resu_l.ts where increasing ~he rati,.o · of . the -' . . - \ .. . ,' ,' 
.' ) .. ' 
. 
. . . thickn~ss of the lug to the diameter of the hole -h,ad -~considerably reduced-· 
. . ·.-r~ ···-· .. 
., 
the fatigue strength. _ 
·----···-·---------- 4 -·------. . ___ ..:__· •• __ :_·-~--• .......__.;..-~---··-:- • 
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· Heywoqd has shown -besides pronounced size effects that· the 
:fati&'Ue strength_ of · 1ugs was primarily dependent on the ratio. of the· 
__ · ~ximum ~~r~ss to the av_erage stress on the net ·area at the minimum ---___ ---- - - --- - - . 
.section~ -, He has. plotted average S-N curves in- ·Fig. 36 ·for steel and 
I , 
.·.1 
--·:aluminuµi _~lloy lugs with a 1 inch diameter" .hole. and related ·this value 
. -· -· 
_-- __ to the fatigue strength of -any s,ize lug. -~-~ "t~nsile strength was ------~---
. ' . 
. 
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, . aluminum alloys. . The major .-parameters, affecting the fatigue strength - .. 
-··-•··--- ---~-·. 
·- _, ___ . -
- .for various lugs were the stress ratio and the· hole diame_ter: •. _ .The - --
. - ... 
'\, 
· · - relationship is_ given by: - ' ' ' 
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:·the range of materials considere'do The effect ·of· mean.stress was-
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--7~-- ··sUMMARY AND CONCLUSIONS 
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. • ...:,~ .• .:: .•. l'.-'~': 
.·. The ·objective of th-is· investigation ··was ·':to- ·study c.th·e--stre·s·s·-
. :distribution in a full scale:. \>:1;idge member· .a11d determine ·the effects · 
'··'-- .- ··-·- ··--.- ----- ·'.-~.---·· .......... ----' 
' . 
. . 
. 
.. 
· .of the pin loaded and pirt fit conditions in an eyebar_. The effects o·f 
... 
. ·. .. .. 
.. " : the stress concentration due to the a·bove conditions were ·exan1int1d -ro.··-~ ·· · · 
. ....:... . ·~ 
- -·-. ----·· ---···-·--·------.----·---··-------·--·-
' . see how the ul t'iinate. strength would be .affected. : .· ·-........ . 
. -·- ... 
. .: 
. Ml analytical solu:tion by· the· finite el·ement method was·· 
·---·----- - . ·-·--·-------·····--··. . -·· --·~·-- ---···-- -.--
. developed to determine how the stress distribution within the elasti·~ \· 
,- ,.,·· . '. 
. . . . 
- ... 
' . · · ·. range of the material·· could· be determined. for the pin fit ·condition. 
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- -------~--·- -------- . 
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·A.comparison of stress concentration factors was mad_~_~!_o __ ~e-~_ii ________ ~.-... ·~·.· .-~-· ~- --- --·-· ·--·-· ----··-···------··----·-· --- . . -- ····-------···-·---·--·- . ---·-----··------. -----~------···--··-·---- ·--·--- -·-·----·. ---- .. ---. -. --~ -
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experimental, photoelas~ic, or analyticai solution.s were really . · . -. ·-··-· -·:,·-·· .... - __ , ___ _. ... , .... 
.I -. 
.L ..... ·_·. · ·r·epresentative of .the performance of actual bridge size eyebars. · 
. ... 
·· The test resu1ts showed that the stress con-centration at the_c.-- ----~--- .---·- . ----~---··-··.-
·edg~ of the ~p.in hole does not affect ultimate strength, yielding, and 
· .. ·.-.····---·· __ .... ··._.· .. ·-· :; ~-- ·., reduction .... in---area--~o-f----the---bar und-er ·-s-tat-ic· load; · ·_-_.:TI1e··-average··· maximum:--·-·'-,-
. 
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. ··.l 
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